
REVIEW

Recent advances and controversies in adult cardiopulmonary
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Since its introduction more than four and half decades ago, the
science of cardiopulmonary resuscitation has been enriched
with a significant amount of scientific evidence. This in turn has
led to the birth of new evidence based guidelines for
resuscitation published by the European Resuscitation Council
and the American Heart Association in late 2005. This article
aims to review the recent advances and controversies in the
science of resuscitation.
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C
ardiopulmonary resuscitation (CPR) is one
of the key aspects of clinical practice.
Delaying CPR after cardiac arrest often

results in poor outcome. For every minute without
CPR, survival from witnessed ventricular fibrilla-
tion (VF) cardiac arrest decreases by 7–10%.1

Ischaemic heart disease is the leading cause of
death in the world.2–6 Sudden cardiac arrest (SCA)
is responsible for more than 60% of adult deaths
from coronary heart disease.7 Data from the
Centers for Disease Control and Prevention in the
USA estimates that approximately 330 000 people
die annually from coronary heart disease. About
250 000 of these deaths occur in the out-of-
hospital setting.7–9 The OPALS study in Canada
(Ontario Prehospital Advanced Life Support
Study) reported out-of-hospital cardiac arrest rates
at 0.6 per 1000 population per year.10 Data from
Scotland and five other European cities showed
that the annual incidence of resuscitation for out-
of-hospital cardiopulmonary arrest of cardiac
aetiology is 50–66 per 100 000 population.11 12 VF
is the predominant rhythm encountered in the
first 3–5 min after sudden out-of-hospital cardiac
arrest.13 In this rhythm, which is incompatible
with life, the left ventricle develops a very rapid
rhythm that prevents blood from pumping out to
the body. Immediate therapy with defibrillation is
the only effective treatment and resuscitation is
most successful if defibrillation is performed in
about the first 5 min after collapse.14–16 Immediate
CPR with chest compressions and ventilation
provides a small but critical amount of blood to
the heart and brain while waiting for a defibrillator
to arrive. CPR increases the likelihood that a shock
will terminate VF. CPR is especially important if a
shock is not delivered for 5 min or more after
collapse.17–19 Many victims of SCA, therefore, can
survive if bystanders act immediately while VF is
still present, but successful resuscitation is unli-
kely once VF has deteriorated to asystole.1 Since its
introduction more than four and half decades

ago,20 the science of CPR has been enriched with a
significant amount of scientific evidence. This in
turn has led to the birth of new evidence based
guidelines for resuscitation published by the
European Resuscitation Council (ERC) and the
American Heart Association (AHA) in late 2005.19–

22 This article aims to review the recent advances in
the science of resuscitation.

BYSTANDER CPR
To improve the pre-hospital care of victims of
cardiac arrest, the AHA and ERC use four links in
action called the chain of survival, wherein a
sequence of interventions results in improved
survival after cardiac arrest. These links are5 6 19:

N Early recognition of the emergency and activa-
tion of the emergency medical services (EMS)

N Early bystander CPR—immediate CPR can
double or triple the victim’s chance of survival
from cardiac arrest

N Early delivery of shock with a defibrillator—
CPR plus defibrillation within 3–5 min of
collapse can produce survival rates as high as
49–75%

N Early advanced life support followed by post-
resuscitation care delivered by health care
providers.

Bystanders can perform three of the four links in
the chain of survival. When bystanders recognise
the emergency and activate the EMS system, they
ensure that basic and advanced life support
providers are dispatched to the site of the
emergency. In many communities, the time inter-
val from EMS call to EMS arrival is 7–8 min. This
means that in the first minutes after collapse the
bystander will play the major role in CPR.
Therefore, successful rescuer actions at the scene
of cardiac arrest are of extreme importance and
time critical. For every minute without CPR,
survival from witnessed VF cardiac arrest
decreases by 7–10%.1 When bystander CPR is
provided, the decrease in survival is more gradual
and averages 3–4% per minute from collapse to
defibrillation. Bystander CPR has been shown to

Abbreviations: AED, automated external defibrillator;
AHA, American Heart Association; BTE, biphasic truncated
exponential; CPR, cardiopulmonary resuscitation; EMS,
emergency medical services; ERC, European Resuscitation
Council; OPALS, Ontario Prehospital Advanced Life Support
Study; ORBIT, Out-of-hospital Rectilinear Biphasic
Investigational Trial; PAD, public access defibrillation; RLB,
rectilinear biphasic; SCA, sudden cardiac arrest; VF,
ventricular fibrillation; VT, ventricular tachycardia
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double or triple the chances of survival from witnessed cardiac
arrest at many different intervals to defibrillation.1 23–25 Litwin et
al26 looked at survival according to location of collapse. Patients
who had a cardiac arrest in public were more likely to have had
their arrest witnessed and were more likely to have received
resuscitation from bystanders than patients who had a cardiac
arrest at home (69% vs 49%). The survival rate among patients
who had a cardiac arrest in public was much higher than that
among patients who suffered an arrest at home (27% vs 13%).
Taking into account time to defibrillation and whether the
arrest was witnessed, much of this difference could be
explained by the higher rate of resuscitation given by
bystanders in public.

Too often, patients who have a cardiac arrest at home do not
receive CPR from family members.27 A report from the Seattle
Heart Watch programme compared the outcomes of patients
resuscitated at the scene by a bystander trained in CPR with
those patients who initially received CPR from EMS person-
nel.28 While there was no significant difference in the
percentage of patients resuscitated at the scene and admitted
alive to the hospital (67% vs 61%), the percentage discharged
alive was significantly higher among those with bystander
initiated CPR (43% vs 22%). In the OPALS study,10 the out-of-
hospital cardiac arrest survival was shown to be significantly
improved by three modifiable factors: citizen (bystander) CPR;
fire and police CPR; and response with automated defibrillator
in 8 min or less.10 29 Furthermore, this study found that the
single modifiable factor associated with very good quality of life
was citizen initiated CPR. The study clearly identified citizen
initiated bystander CPR as a strong and independent predictor
of very good functional outcomes for survivors from out-of-
hospital cardiac arrest.30

Therefore, we must rely on a trained and willing public to
initiate CPR and to call for professional help and early
defibrillation. Based on these facts, many countries have
recently started public training programmes that include
teaching CPR and first-responder automated external defibril-
lator (AED) use. However, despite the recent emphasis on the
importance of bystander initiated CPR and the expansion of
public training programmes, CPR is performed in only a third or
less of witnessed arrests in western societies.30–32 Why bystan-
ders are reluctant to perform CPR is still not clear. Inadequate
training methods, complicated guidelines or fear of transmitted
diseases may be responsible.19 Frequent, shorter and more
accessible CPR courses for the public may be an appropriate
solution.33

RECOGNISING CARDIORESPIRATORY ARREST
In the latest 2005 AHA and ERC guidelines for resuscitation,19 21

an initial pulse check as a sign of cardiorespiratory arrest has
been omitted for lay rescuers as it takes too long and has low
accuracy. Time spent attempting to confirm the presence or
absence of a carotid pulse by lay rescuers may significantly
delay the initiation of cardiac compressions. Therefore, lay
rescuers should start CPR once the victim is not responding and
not breathing normally. Only trained rescuers or health care
professionals should check for the carotid pulse and, if it is
absent, should be ready to perform chest compressions
immediately. In a study by Eberle et al,34 the diagnostic accuracy
of checking the carotid pulse by lay persons was found to be
only 65%. Bahr et al35 also found the skills of lay people in
checking the carotid pulse to be inaccurate for confirming the
presence or absence of circulation. Agonal gasps occur
commonly in the first few minutes of SCA. Bystanders, when
asked by ambulance dispatchers over the telephone if breathing
is present, often misinterpret agonal gasps as normal breathing.
Lay people, therefore, should be taught to begin CPR if the

victim is unconscious and not breathing normally. It should be
emphasised during training that agonal gasps occur commonly
in the first few minutes after SCA and they are an indication for
starting CPR immediately and should not be confused with
normal breathing.21

COMPRESSION–VENTILATION RATIO
Interruption of chest compressions during CPR has a detri-
mental impact on survival from cardiac arrest.36 On stopping
chest compressions, the coronary and cerebral blood flow
decreases substantially. On resuming chest compressions,
several compressions are necessary before the coronary flow
recovers to its previous level.37 In the first minutes of VF SCA,
blood oxygen content remains high and myocardial and
cerebral oxygen supply is limited more by the diminished
cardiac output than a lack of oxygen in the lungs. Therefore,
ventilation does not appear to be as important as chest
compressions, but it does appear to contribute to survival from
prolonged asphyxial arrest.38 Obviously, the ventilation rate
needed to maintain a normal ventilation–perfusion ratio during
CPR is much smaller than normal because pulmonary blood
flow is low. Recent evidence indicates that unnecessary
interruptions to chest compressions occur frequently during
in-hospital and out-of-hospital CPR.39–42

There are no human data available to date that have
identified the optimal compression–ventilation ratio for CPR.
Mathematical and animal models showed that matching of
pulmonary blood flow and ventilation might be more appro-
priate at compression–ventilation ratios higher than 15:2.43 44 A
recent porcine model comparing the clinical and haemody-
namic parameters in VF cardiac arrest demonstrated that
increasing the compression–ventilation ratio from 15:2 to 30:2
generated a 30% higher cardiac output and doubled common
carotid artery blood flow.45 To achieve optimal compression
rates and reduce the frequency of interruption in compressions,
a universal compression–ventilation ratio of 30:2 was recom-
mended by consensus.46

DEFIBRILLATION TIMING AND CPR BEFORE
DEFIBRILLATION
Early defibrillation is critical for survival from SCA for several
reasons. Firstly, the most frequent initial rhythm in witnessed
SCA is VF. Secondly, the treatment for VF is electrical
defibrillation. Thirdly, the probability of successful defibrilla-
tion diminishes rapidly over time. Finally, VF tends to
deteriorate to asystole within a few minutes.1 19 Therefore,
defibrillation as soon as possible is the standard care for VF. In
a study of over 12 000 patients treated by EMS, 4546 had
witnessed VF. For these patients a shorter defibrillation
response interval was significantly correlated with an increased
chance of survival to hospital discharge.47 In laboratory studies,
defibrillation success for VF is practically 100% immediately
after induction of this rhythm. The success decreases to about
80–90% after 60 s of sustained VF, and after 20 min of
sustained VF restoration of a perfusing rhythm is rare.48 49 In
a study of 148 patients with out-of-hospital cardiac arrest in US
casinos, 105 had VF. The survival rate was 74% for victims who
received their first defibrillation within the first 3 min after
collapse. For those who received their first defibrillation after
the first 3 min, the survival rate was only 49%.13

A study examining the long term outcomes of out-of-hospital
VF cardiac arrest in patients who received successful early
defibrillation (mean (SD) time 5.7 (1.6) min) reported no
difference in the long term survival outcomes between these
patients and patients who did not have cardiac arrest.50

Therefore, early defibrillation is useful and effective if applied
within 4–5 min of onset of out-of-hospital cardiac arrest. In the
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2005 International Consensus Conference on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science,51 an
important question was raised based on some recent evidence:
whether to defibrillate first or to perform CPR first followed by
defibrillation, particularly when more than 4–5 min has
elapsed from collapse to rescuer intervention in victims with
VF cardiac arrest. In animal studies, prolonged VF of more than
7 min was more effectively treated when 5 min of CPR was
performed before defibrillation.52 53 In two human studies of
out-of-hospital VF arrest, when the interval between the call to
the EMS and delivery of the initial shock was 4–5 min or
longer, a period of CPR before attempted defibrillation
improved survival rates.11 12

One randomised study, however, showed equivalent survival
rates when either CPR or defibrillation was performed first for
any EMS call-to-shock interval.54 The consensus was that there
were not sufficient data to recommend CPR before defibrilla-
tion for all victims of VF SCA. Lay rescuers should use the AED
as soon as it is available. EMS rescuers may give five cycles
(about 2 min) of CPR before attempting defibrillation for
treatment of out-of-hospital cardiac arrest or pulseless ven-
tricular tachycardia (VT), particularly when the EMS response
(call to arrival) interval is longer than 4–5 min or EMS
responders did not witness the cardiac arrest. EMS medical
directors may create system protocols based on the average
response interval of their system. When multiple rescuers are
present, one rescuer can perform CPR while the other readies
the defibrillator, thereby providing both immediate CPR and
early defibrillation. The data were insufficient to determine
whether this recommendation should be applied to in-hospital
cardiac arrest, what the ideal duration of CPR is before
attempted defibrillation, and the duration of VF at which
rescuers should switch from defibrillation first to CPR first.46

ONE-SHOCK RATHER THAN THREE-SHOCK
SCENARIO
There are no human studies so far to compare a one-shock
protocol with a three-stacked shock protocol for treatment of
VF cardiac arrest.19 Nevertheless, there are some plausible
reasons to favour a one-shock protocol over a three-shock
protocol.19 Firstly, animal studies have shown that frequent or
long interruptions in chest compressions for rhythm analysis
were associated with post-resuscitation myocardial dysfunction
and reduced survival rate.55 Interruption of chest compressions
has also been shown to decrease the probability of converting
VF to another rhythm.56 57 Secondly, the rhythm analysis for a
three-shock sequence performed by commercially available
AEDs results in delays of up to 37 s between delivery of the first
shock and delivery of the first post-shock compressions.55

Thirdly, the first-shock efficacy by current biphasic defibrilla-
tors was found to be more than 90%.58–63 If the first shock fails
to eliminate VF, the incremental benefit of another shock is low
and immediate resumption of CPR is likely to confer a greater
value than another shock.19 Concerns that chest compressions
might provoke recurrent VF in the presence of a post-shock
organised rhythm appear to be unfounded.63 For these reasons,
a one-shock protocol combined with immediate post-shock
CPR (without checking the rhythm or the pulse) seems
reasonable and was included in the recent resuscitation
guidelines as a substitute for the old three-shock scenario.19

PUBLIC USE OF AUTOMATED EXTERNAL
DEFIBRILLATORS
AEDs are lightweight, computerised devices containing a
battery, capacitors and electronic circuitry to analyse the
cardiac rhythm and inform the operator when a defibrillation
shock is needed (fig 1). AEDs have been described as the

‘‘single greatest advance in the treatment of VF cardiac arrest
since the development of CPR’’.64 These devices have been
shown to be extremely safe and highly accurate in detecting life
threatening heart rhythms. The sensitivity and specificity for
the detection of VF or rapid VT are 98% and 100%,
respectively.65–70 The efficacy of AEDs in improving survival
after out-of-hospital cardiac arrest has been shown in many
studies. In a study by Valenzuela et al,13 AEDs were deployed in
casinos and casino officers were trained in their use. By this
intervention, the time from collapse to application of the first
shock was shortened to a mean of 4.4 min and survival
increased to 53%. In a recent randomised trial by Hallstrom et
al,71 over 19 000 volunteers from shopping centres, recreational
facilities, residential units and other community units were
trained to perform CPR alone or CPR plus AED use. Patients
treated by volunteers trained in CPR plus AED use were
significantly more likely to receive a non-EMS shock and
significantly more likely to survive to discharge.

Other similar studies have also shown significant improve-
ment in survival of out-of-hospital cardiac arrest when AEDs
were used by the public.72 Furthermore, in recent clinical
trials,39 40 modified prototype AEDs recorded information about
frequency and depth of chest compressions during CPR. If such
devices become commercially available, AEDs may one day
prompt rescuers to improve CPR performance.19 The AHA has
recommended the development of special training programmes
called public access defibrillation (PAD) programmes, which
incorporate the training of AED use by bystanders at public
places.73–75 The goal of these programmes is to shorten the time
from onset of VF until CPR and shock delivery by ensuring that
AEDs and trained lay rescuers are available in public areas
where SCA is likely to occur. Public safety first responders
(such as police, fire fighters, security personnel, ski patrol
members and flight attendants), and family members of
patients who have had a myocardial infarction should be
trained and equipped to provide early defibrillation with
AEDs.76

MONOPHASIC VERSUS BIPHASIC WAVEFORMS AND
THE SHOCK DOSE
There are two types of defibrillators, based on the waveform
they produce: monophasic and biphasic defibrillators.

Figure 1 Automated external defibrillator used by the public.
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Monophasic defibrillators, which are no longer manufactured,
deliver a unipolar current (one direction of current flow).
Biphasic defibrillators, in contrast, deliver current that flows
both in positive and negative directions. There are two types of
biphasic waveforms, the biphasic truncated exponential (BTE)
and rectilinear biphasic (RLB). Both types have been shown to
be effective in terminating VF. First-shock efficacy for long
duration VF and VT has been shown to be greater with biphasic
than monophasic waveforms and, therefore, use of biphasic
defibrillators is recommended whenever possible.57 77 The
ORBIT trial (Out-of-hospital Rectilinear Biphasic
Investigational Trial)77 showed that rectilinear biphasic defi-
brillation waveforms at 120 J and 200 J were superior to
monophasic waveforms at 200 J and 360 J, respectively, in
converting VF to an organised rhythm. However, although a
higher success rate in restoring electrical activity was noted, the
survival rates to hospital admission and to hospital discharge
were comparable to the monophasic waveforms. The optimal
energy levels (shock doses) for both monophasic and biphasic
defibrillators are unknown.

The recommendation to use a one-shock strategy created a
new challenge of defining the optimal energy for the initial
shock. In a study of out-of-hospital cardiac arrest, first-shock
efficacy using 360 J was not superior to that of 200 J and
repeated shocks at the higher dose were associated with more
atrioventricular block without evidence of long term harm.78 79

Therefore, energy levels are based on a consensus following
careful review of the current literature.21 It is reasonable to use
selected energies of 150–200 J for a biphasic truncated
exponential waveform or 120 J for a rectilinear biphasic
waveform and 360 J for monophasic defibrillators.

INDUCTION OF POST-RESUSCITATION
HYPOTHERMIA
The role of therapeutic hypothermia in post-resuscitation care
has been investigated extensively during the last decade. Two
prospective randomised trials reported improved outcomes
when deliberate hypothermia of 32–34 C̊ was induced in
comatose patients admitted to hospital after witnessed out-of-
hospital VF cardiac arrest.80 81 In one of these two trials, 273

patients were randomised to be treated with either therapeutic
hypothermia (32–34 C̊ for 24 h) or normothermia; 75 of the 136
patients (55%) in the hypothermia group were discharged alive
with good neurological outcome 6 months after discharge,
compared with 54 of the 137 (39%) patients in the normother-
mia group.80 The second trial also reported a better survival rate
in the hypothermia group (49%) compared with the nor-
mothermia group (26%).81 It is strongly recommended that
patients remaining comatose after return of spontaneous
circulation following a witnessed VF cardiac arrest receive
therapeutic hypothermia management.82 The role of hypother-
mia treatment after in-hospital cardiac arrest or arrest from
other rhythms remains inconclusive and further studies are
required to address these issues.

HIGH DOSE EPINEPHRINE AND THE USE OF
VASOPRESSIN
Despite its use in cardiopulmonary arrest for more than four
decades, the optimal dose of epinephrine (adrenaline) in this
situation is still unknown. The evidence supporting the use of a
dose of 1 mg every 3–5 min is derived from animal studies.
Recently, some animal studies reported that the use of much
higher doses of epinephrine (0.2 mg/kg) improves the rate of
survival after cardiac arrest.83 84 However, three large rando-
mised human trials found that, despite improvement in the
rates of return of spontaneous circulation, there was no
statistically significant difference in survival to hospitalisation
or hospital discharge between standard and high dose
epinephrine use.85–87 Therefore, high dose epinephrine cannot
be recommended in cardiopulmonary arrest.

The use of vasopressin in cardiopulmonary arrest as an
alternative to epinephrine has been a matter of much debate
during recent years. Small human studies reported the use of
vasopressin during cardiopulmonary arrest to be promising
with regard to return of spontaneous circulation and rate of
hospital discharge.88 89 Following the results of these small
studies, the AHA recommended that vasopressin could be used
as an alternative to epinephrine for the treatment of adult
refractory VF.90 However, two recent randomised studies
comparing vasopressin with epinephrine for in-hospital and
out-of-hospital cardiac arrest were unable to demonstrate an
overall increase in the rates of return of spontaneous circulation
or survival for vasopressin when compared to epinephrine.91 92

A recent meta-analysis of five randomised trials showed no
statistically significant difference between vasopressin and
epinephrine for return of spontaneous circulation, death within
24 h or death before hospital discharge.93 It was agreed in the
2005 International Consensus Conference on CPR that there is

Box 1: Summary of the recent advances in CPR

N Bystander CPR can significantly improve the chances of
survival from witnessed cardiac arrest

N Checking for circulation by palpating the carotid pulse
should be discouraged among lay rescuers

N Interruptions of chest compressions during CPR have a
detrimental effect on survival and therefore, should be
minimised

N Early defibrillation is very important in determining
survival from VF/VT cardiac arrest

N In VF/VT cardiac arrest, a single defibrillatory shock
followed by 2 min of uninterrupted CPR seems reason-
able and more beneficial than three-shock protocol

N Biphasic defibrillators are superior to monophasic
defibrillators in converting VF to an organised rhythm
and their use is recommended whenever possible

N Use of AEDs by the public has been shown to improve
survival from out-of-hospital cardiac arrest

N Patients who remain unconscious with spontaneous
circulation after out-of-hospital VF cardiac arrest should
receive therapeutic hypothermia management

Box 2: Controversial issues in CPR

N There are no human studies to determine the optimal
compression–ventilation ratio during CPR; a ratio of 30:2
was recommended by consensus

N There are no sufficient data to recommend CPR before
defibrillation for all victims of VF cardiac arrest

N The optimal energy levels (shock doses) for both
monophasic and biphasic defibrillators are unknown

N The role of therapeutic hypothermia after in-hospital
cardiac arrest is unknown

N There is currently insufficient evidence to support or refute
the use of vasopressin as alternative to, or in combination
with, epinephrine in any cardiac arrest rhythm
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currently insufficient evidence to support or refute the use of
vasopressin as an alternative to, or in combination with,
epinephrine in any cardiac arrest rhythm.51 Epinephrine is still
considered the primary vasopressor in cardiac arrest. Individual
resuscitation councils will need to determine the role of
vasopressin in their resuscitation guidelines.

CONCLUSION
Bystander CPR is the most important determinant of survival
following out-of-hospital cardiopulmonary arrest. The greatest
challenge for successful out-of-hospital resuscitation is the
improvement of lay rescuer CPR education. Increased efficiency
of instruction, improved skill retention through frequent and
short CPR courses, and reduced barriers to action for basic and
advanced life support providers are crucial in achieving this
goal. Lay rescuers should start CPR if the victim is not
responding and not breathing normally. Checking the circula-
tion by palpating a carotid pulse should be discouraged among
lay rescuers. Minimising interruptions of chest compressions
should be emphasised during CPR, and induction of post-
resuscitation hypothermia after return of spontaneous circula-
tion following a witnessed VF cardiac arrest should be tried.
There are insufficient data to recommend the use of vasopressin
either as alternative to, or in combination with, epinephrine in
CPR (boxes 1 and 2).
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